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Recently, there is increasing public awareness of the real time air quality due 
to air pollution can cause severe effects to human health and environments. 
The Air Pollutant Index (API) in Malaysia is measured by Department of 
Environment (DOE) using stationary and expensive monitoring station called 
Continuous Air Quality Monitoring stations (CAQMs) that are only placed in 
areas that have high population densities and high industrial activities. 
Moreover, Malaysia did not include particulate matter with the size of less 
than 2.5um (PM2.5) in the API measurement system. In this paper, we 
present a cost effective and portable air quality measurement system using 
Arduino Uno microcontroller and four low cost sensors. This device allows 
people to measure API in any place they want. It is capable to measure the 
concentration of carbon monoxide (CO), ground level ozone (O3) and 
particulate matters (PM10 & PM2.5) in the air and convert the readings to 


PM2.5 API value. This system has been tested by comparing the API measured from 
: this device to the current API measured by DOE at several locations. Based 
on the results from the experiment, this air quality measurement system is 

proved to be reliable and efficient. 
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1. INTRODUCTION 

It is very important nowadays for people to be aware of the current air quality around them. They 
should know whether they are breathing clean air or polluted air. This is because air pollution ranked fourth 
in risk factor for death worldwide. In 2013, researchers from UBC stated that about 3 million people in Asia 
died of illness associated to air pollution [1]. Air pollution can cause severe health effects such as respiratory 
infections and cardiovascular diseases, as mentioned in [2] which has measured air pollution using PM, 5 and 
PM) sensors in 190 cities in China. Besides, air pollution also give adverse effect to the environment that 
eventually resulted in global warming and climate change. Malaysia uses Air Pollutant Index (API) to 
determine the air quality [3]. Different countries have different quality indices for example, United States and 
China uses Air Quality Index (AQI), Canada and Hong Kong uses Air Quality Health Index (AQHI), 
Singapore uses Pollutant Standards Index (PSI) and Europe uses Common Air Quality Index (CAQI) [4]. 
Most of the countries in the world has regulated six criteria pollutants, including Carbon Monoxide (CO), 
Ozone (O3), Nitrogen Dioxide (NO2), Sulfur Dioxide (SO,), Lead (Pb), and particulate matter (PM) with the 
size of less than 104m (PMj9) and 2.5um (PM, 5) [5]. 

Air quality in Malaysia is measured by Continuous Air Quality Monitoring stations (CAQMs) that 
have been placed in certain locations by the Department of Environment (DOE) Malaysia. It is determined by 
measuring the concentration of air pollutants and calculating the index level of the pollutants. The monitoring 
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stations are stationary and the equipment in it are estimated to be expensive. There are only 52 monitoring 
stations built all over Malaysia as shown in Figure 1. 


SULU SEA 


Sandakan 


SOUTH CHINA SEA 


Figure 1. All 52 CAQMS in Malaysia [4] 


The current monitoring stations in Malaysia have not included PM); readings in the API 
measurements. Most of countries like Singapore, Indonesia, South Korea and others have already included 
PM, ;in their API measurement system since it is more harmful than PM). The CAQMs are placed mainly in 
locations with high population densities and high industrial activities. Due to that, certain areas with no 
monitoring stations can only depend on the API value of the nearby location, which can be less accurate. 

Recent haze incidents in Southeast Asia [6] has shown the important and urgency of developing a 
portable and low-cost air quality monitoring device. In this paper, we designed and implemented an outdoor 
air quality measurement system on Arduino which can estimate the API value of any location. The system is 
cost effective, portable and can display the result in real-time. Furthermore, the device can measure the 
concentration of pollutants and can transmit the result wirelessly to a server. 

The objective of this paper is to develop a portable outdoor air quality measurement system using 
Arduino with low cost sensors. First, related works will be presented in Section 2. Section 3 discusses the 
API calculations. Next, the proposed hardware and software design will be described in Section 4. Section 5 
evaluates the system implementation, experimental setup, and experiments with validation. Section 6 
concludes this paper. 


2. RELATED WORKS 

Many researches have been conducted on device development for air quality measurement system. 
This section will highlight the critical review of previous works. 

In [7], a mobile sensing system called “GasMobile” for participatory air quality monitoring has been 
implemented. The concept of this system is to use participation from the citizen to collect the air quality 
measurement around them using their smartphones since the concentration of air pollution is varied in 
location. The monitoring system consist of a sensor and software that is compatible with Android. The 
measurement will be uploaded to the server by the user itself. This system is tested using a low-cost ozone 
sensor that is connected to the phone via USB host mode and it is powered by a battery pack. It is set to 
automatic mode so that it will be automatically measures the air quality every two seconds. GasMobile gives 
high data accuracy because the sensor calibration is always up-to-date by utilizing the readings of sensor near 
the reference monitoring station. However, this system utilize only one type of gas sensor to measure the air 
quality. 

An environmental monitoring device which measures air quality, weather and earthquake using 
Raspberry Pi (RPi) has been proposed in [8]. This monitoring device is designed so that it can be remotely 
accesses through Internet of Things (IoT) platform. Readings from the sensors can be obtained on the IoT 
platform software called “Xively” and it can be accessed by anyone via the website. The device is tested and 
proved functioning correctly and accurately. The only drawbacks of this monitoring device is that the power 
consumption of RPi is very limited. Moreover, components must be carefully chosen to prevent damages to 
the device. Recently, the measurement of CO, emissions from industrial was developed in [9]. The used an 
Arduino system connected to SCADA. However, they only limited their application to CO, measurement 
only. 
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In [10], they have proposed two cost effective approaches to measure the air quality fine-grained air 
quality in real time. One is to be deployed in the public transportation such as bus and train and the other one 
is personal sensing device for cars. For public transportation, a custom made mobile sensing box that consists 
of Arduino as microcontroller, CO and PM sensor, GPS receiver and a modem is used while for cars, 
personal sensing device (PSD) NODE that consist of CO sensor is used. The data obtained from both of the 
method will be geo tagged and uploaded to the server. A web portal is provided to view the real-time air 
pollution. Both of the devices are experimented under the same conditions and the readings of air pollution 
levels from both of the device are similar. However, the air quality measurement data is limited to areas that 
only covered by those transportation. 

A solar powered low cost real-time wireless ambient air quality monitoring system for schools have 
been proposed in [11]. The air quality data is obtained from several sensor nodes that implement Arduino as 
microcontroller. The data are wirelessly transmitted using ZigBee mesh network to the school’s computer. 
The sensor node consist of CO sensor, NO2 sensor, PM sensor, humidity sensor and temperature sensors. 
The air quality monitoring system is positioned in several places around the school. The data acquire from 
each monitoring system will be sent to the gateway via router and it is integrated into a database. From the 
experiment conducted, the performance of this sensor nodes is favourable. The air quality can be viewed in 
real-time, however, only computers with the same network can get access to the measurement. 

In [12], a portable and low power consumption sensor that can measure the concentration of PM>.5 
has been developed. The sensor is based on light scattering. The particles is detected by light scattering signal 
that is sensed by the photo diode. The prototype of this sensor has been tested with smokes from a cigarette 
and the sensor has shown great potential for an accurate device. This device is made specially to measure the 
concentration of PM; 5. 

A sensor for public bicycle has been developed in [13] to monitor the air quality in the city. The 
devices consist of single chip processor, GPS receiver, Bluetooth interface, exhaust gas sensor and PM 
sensor. When a user rents the public bicycle, the sensor device will start to collect the air pollution data and 
these data will be stored in a SD card. Once the user have finish renting the bicycle, the data from the device 
on bicycle will be uploaded to the data centre via Bluetooth interface. The device has been demonstrated in 
two environment; outdoor and indoor. The result obtained indicates that this method is very effective to 
monitor the air quality. However, the area of measurement do not have wide coverage arguably and 
somewhat random since it only depends on the bicycle user. 

In [14], an automatic air quality monitoring system has been proposed based on wireless sensor 
network (WSN) technology that integrates with Global System for Mobile Communication (GSM). The 
system includes signal processing module and a sensor node that consists of CO sensor and a gateway. The 
gateway will transmit the data collected by the sensor nodes to the control centre via Short Message Service 
(SMS) that is provided by GSM. The main drawbacks of this monitoring system is the sensor nodes consist 
of only one air quality sensor which is CO sensor. 

A low cost air quality monitoring using self-powered device has been implemented in [15]. The 
device measures the concentrations of CO, PM and O3 and it can be operated off-grid using battery or solar 
panel. Redboard Arduino clone is used as micro-controller and GSM module is included so that sensing data 
can be transferred wirelessly to server for storing the result and to map the real-time result using a software. 
The device is tested for seven days and the result collected fit the trends of current air quality in the area. 
However, the device only measures the concentration of pollutant and did not evaluate the air pollutant index. 

A vehicular air pollution monitoring system using IoT has been introduced in [16]. The system 
consists of Radio Frequency Identification (RFID) reader with CO, sensor and sulfur oxides (SO,) sensor 
that are integrated along win Arduino microcontroller. The monitoring system will be place at roadsides and it 
will detect vehicles that have been inserted with RFID cards. When a vehicles passes by the monitoring 
device, the RFID reader will detect the vehicle and sensors will be activated to measure the air quality 
produced by the vehicles. If the vehicle exceeded air quality level that have been set, a warning message will 
be sent to the vehicle’s owner using IoT application. The system is experimented with different types of 
vehicle and the performance is verified as successful. However, in order to implement this monitoring 
system, RFID card must be inserted in vehicles or else the monitoring system will not be able to measure the 
air quality. 

In [17], they presented a smart sensor system for air quality monitoring. The system consist of a 
microprocessor, PM,5 sensor, CO, sensor, CO sensor, hazard gas detector and VOC sensor. When an 
individual wants to measure the air quality using the device, he can run the application on his smartphone. 
The sensor will start measuring the air quality and transmit the data back to the smartphone via Bluetooth. 
The data can be uploaded to the server with the information of GPS location, date and time. However, the 
real-time air quality information of a place can only be obtained if the user submit the readings. 
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A cooperative sensing system for air quality monitoring called ‘uSense’ has been proposed in [18]. 
uSense consist of CO sensor, CO, sensor, NO, sensor, O; sensor and VOC sensor. The sensors will measure 
the concentration of pollutants and send the data to uSense server via Wi-Fi. The server will store the sensing 
data into database and the data can be accessed by all uSense user in the website. This device is tested and 
sensor are proven to work correctly and accurately. However, only Wi-Fi connectivity is available since this 
device is intended to measure air quality outside homes. Therefore, to deploy this device, a Wi-Fi access 
point is essential. 

Most of the researchers have designed their air quality monitoring system with wireless sensor 
network. The data measured from the device will transmit wirelessly to the server so that the result can be 
monitor by everyone. For this research, the system will only display the current API value and store it in a 
memory card for data logging. 

Previous researches have designed a low cost or cost effective device using sensors and 
microcontrollers that are easily available in the markets. In addition, most of the air quality measurement 
system did not include all six pollutants sensors and only measure the main pollutants in the area such as O3, 
CO and PM. This will be similar to this study as the air quality measurement system will only include three 
sensors that measure dominant air pollutants in Malaysia. 


3. AIR POLLUTION INDEX (API) CALCULATION 

API is established to provide the public with information that is easy to understand about the air 
pollution level. API in Malaysia is calculated based on the new Ambient Air Quality Standards in Malaysia. 
It is developed to follow the Pollutant Standard Index (PSI) system that has been regulated by United States 
Environmental Protection Agency (USEPA). The new standard added one new pollutant which is particulate 
matter with the size of less than 2.5um (PM, 5) to the existing pollutants which are Carbon Monoxide (CO), 
Ozone (O3), Nitrogen Dioxide (NO;), Sulfur Dioxide (SO,) and particulate matter with the size of less than 
10um (PMjo). Although PM; 5is included in the new Ambient Air Quality Standards, the existing monitoring 
stations in Malaysia did not have the equipment to measure the pollutant yet. Table 1 shows the API values 
and its indication. 


Table 1. API Values and Colour Coded Indicators 


API Indication Colour 
Below 50 Good 
51- 100 Moderate 
101- 200 Unhealthy 
201- 300 Very unhealthy 
More than 300 Hazardous 


API value is calculated for all pollutants and it is called as sub-API value. To obtain the final API 
value, each sub-API value is compared and the highest sub-API is considered as the dominant pollutant and 
is taken as the API value. The sub-API (VY ) value of CO, O3, NO», SO and PM are calculated using formula 
given by DOE [3] as shown in Equation (1) to Equation (6). 

Cco x me Coo <9 
100+ (Cco-9)x 2 9< Cog < 15 


i i (1) 
© | 200+ (Ceo -9)x 2155 Ceo < 30 
300 +(Ceg -30)x10 Ceo = 30 
Co, x 1000 Co, = 02 
Po, =} 200+(Co, -0.2)x500 0.2< Co, <04 ‘és 


300+(Co, -0.4)x1000 Cy, 20.4 
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C wo, x 588.24 Cig, 4017 
100+(Cyo, —0.17)x232.56 0.17<Cyo, <0.6 


Yvo, = 3 
Nos =) 200+ (C vo, -0.6)x166.67  0.6< Cwo, <1.2 a 
300+ (Co, —1.2)x250 Cu la 
Cno, x 2500 Cso, < 0.04 
y, 10+ (Cso, — 0.04) 384.61 0.04< Cso, < 0.3 i 
S0} 200+ (Cso, -0.3)x 333.33 0.3< Cso, < 0.6 oe 
300+ (Cso, —0.6)x 250 Cso, 20.6 
Cig Cpu <50 
50+ (Cpu -50)x0.5  50< Cpu <150 
y, J 100+ (Cpu -150)x0.5 150< Cpu <350 A 
PM |200+(Cpy -350)x1.43 350< Cpu < 420 
300 +(Cpy —420)x1.25 420<Cpy < 500 
400+ (Cpu —500) Cpu > 500 
API = max {Y co; Yo, Yvo, Yso, Yru } (6) 


where Cco» Co,» Cno, » Cso, is the concentration of CO, O3, NO2, SO. in ppm, while Cpyis the 


concentration of PM in ug/m’. 


4. PROPOSED AIR QUALITY MONITORING SYSTEM 

The air quality measurement system is designed using low cost sensors and microcontroller. It is 
compact and portable making it easy to measure air quality in any place. It is capable to measure the 
concentration of four types of pollutant which are CO, O3, PM; and PM) 5s. 


4.1. Hardware Design 

The air quality measurement system as shown in Figure 2 consists of Arduino Uno, CO sensor, O3 
sensor, PMjo sensor, PM>5 sensor, 16x2 LCD display and SD card reader. GPS module and RTC module 
could be added as well. The sensors will measure the pollutant concentration and convert the value to sub- 
API value. The subAPI value of each pollutants and the API value are displayed and stored for data logging. 
These pollutant sensors are chosen because CO, O; and PM are the dominant air pollutants in Malaysia most 
of the time [4]. 


16x2 LCD 
Display 


SD Card 
Module 


CO sensor 


O; sensor 


Arduino UNO 


PM sensor 


PM). sensor 


Power Supply and 
Charger Module 


Figure 2. Block Diagram of the Proposed Air Quality Measurement System 
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This device utilizes Arduino Uno as the microcontroller due to its low cost compared to others, such 
as Raspberry Pi and BeagleBone [19]. Arduino Uno is the basic and most used board in the all Arduino 
boards. It consists of 14 digital input/output (I/O) pins and 6 analog input pins which is sufficient for all 
components in this device. In addition, it utilizes SD card module for data logging, and 16x2 LCD display. 
This system could be extended by various modules compatible with Arduino, such as Ethernet shield, 
GSM/GPRS shield, GPS logger shield, RTC shield, etc. 


(c) (d) 


Figure 3. Sensors used in this research: (a) MQ-9 CO sensor, (b) MQ-131 O3 sensor, 
(c) Shinyei PPD42NS PM2.5 sensor, and (d) GP2Y1010AUF PM10 sensor 


To measure the concentration of CO, MQ-9 gas sensor is used as shown in Figure 3(a). It can detect 
CO concentration from 10ppm to 100 ppm. To measure the concentration of ground level ozone, MQ-131 
sensor is used, as shown in Figure 3(b). It can detect O; within ranges from 10ppb to 2ppm. Shinyei 
PPD42NS optical dust sensor is used to measure the concentration of PM.5 as shown in Figure 2(c). It can 
detect particles with the minimum size of one micrometre. Sharp GP2Y1010AUF compact optical dust 
sensor is used to measure the concentration of PM jo, as shown in Figure 3(d). This sensor detects all particles 
in the air. The sub-API values of each pollutant and API value are displayed through 16x2 LCD display and 
also stored in SD card for data logging. This device is powered by 5V external power supply and/or battery 
with charger module. 


4.2. Software Design 

The air quality measurement system is programmed according to the flowchart shown in Figure 3 
using Arduino Integrated Environment (IDE). The program is divided into four major parts, data collection, 
data conversion, data comparison, and data classification. 

In data collection, each sensor will measure the concentration of pollutants. For MQ- 9 and MQ- 
131 sensor, these sensors will return analog values and for Shinyei PPD42NS and Sharp GP2Y1010AUF, it 
return digital values. In data conversion, both analog and digital value obtained from the measurement will be 
converted to each of the pollutant concentration unit which are ppm for CO and O;, and ug/m° for PM based 
on the sensor’s data sheet. The concentration of each pollutants will be used to calculate the sub API value of 
each pollutants using Equation (1) to Equation (3). In data comparison, the four sub API value will be 
compared with each other and the highest sub-API among all pollutant will be the API value.In data 
classification, the API value is classified into the API indication in Table I. The system is set to measure the 
API value every five minutes. 

Figure 4 shows the flowchart of Air Quality Measurement System. 
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Figure 4. Flowchart of Air Quality Measurement System 


5. RESULTS AND DISCUSSION 
In this section, the actual device implementation will be presented, CO, PM, and O; experimental 
setup will be discussed, as well as the results and analysis. 


5.1. System Implementation 
The actual system implementation is shown in Figure 5. As it is intended for outdoor air quality 
measurement, portable battery was used with proper enclosing box. 


Figure 5. Actual System Implementation 


5.2. Experimental Setup 

Before we tested the overall system, we conducted several experiments to evaluate each sensors, i.e. 
two CO sensors, two PM sensors, and one O; sensor. The experimental setup for each sensor are shown in 
Figure 6, Figure 7, and Figure 8, respectively. 

Two type sensors are used: MQ7 and MQ9 sensor. Two experiments are conducted for CO sensor in 
two different sources of CO which are smoke from a cigarette and emission from a car exhaust. 

PM,, and PM, 5 sensors were both tested together in a same condition. Powder will be used as the 
dust source and a fan was directed towards the powder to make sure it spread in the container. 
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As shown in Figure 8, to detect O3, an experiment is conducted at two different times. One 
experiment is conducted in the morning and another one is conducted in the afternoon. The sensor is placed 
near a bus stop beside a road that have light traffic. 

To test the air quality measurement system, the device is placed in three different locations to 
measure the current air quality. The result of the experiment is compared with the API value measured by 
CAQMs in Batu Muda at the same time of the experiment. Figure 9 shows the experiment setup at the three 
different locations, i.e. hostel, faculty, and roadside. 


Figure 6. CO experimental setup Figure 7. PM experimental setup 


Figure 8. O3 experimental setup 


(a) (b) (c) 


Figure 9. Experimental setup in three different locations: (a) hostel, (b) faculty, and (c) roadside 


5.3. API Results 
The result of the experiment is compared with the current API value measured by CAQMs in Batu 
Muda at the same time of the experiment. The subAPI is plotted every five minutes for an hour for each 
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location as shown in Figure 6. To validate the measured data, the same experiment is conducted near the Batu 
Muda CAQMs. The final result of the experiments is concluded in Table 2. 


(a) Sub-API of CO,O3,PM2.5 and PM10 (hostel) 
T T T T 


T 


Time (minutes) 
(b) Sub-API of CO,O3,PM2.5 and PM10 (faculty) 
T T T T p 


- St 


Time (minutes) 
(c) Sub-API of CO,O3,PM2.5 and PM10 (roadside) 
T T 


T T T por ~ 


g =" 
—3— 2 


Time (minutes) 


Figure 10. SubAPI for three different locations 


It can be observed from Figure 10 that subAPIs of PM) are the highest among all pollutants in all 
locations. SubAPI of PM, 5 remains low in all three locations. This is due to the fact that PM, 5 measured very 
small particles and it could only be detected when the air pollution is very severe. As shown in Figure 10(a) 
and Figure 10(b), the subAPIs of CO and O; are all zero because there are no emission of vehicles during the 
experiment. While in Figure 10(c), there are readings on subAPI of CO, but it is rather low. This is because 
of the light traffic during the experiment and the concentration of CO depends on the vehicles that produce 
large amount of emission. As shown in Figurel0(c), the sub-APIs of O; are the highest compared to Fig. 
10(a)(b). This could due to the presence of CO and other pollutants that reacts together in the presence of 
sunlight. 

Based on Table 2, each locations indicates different API than the value measured by nearby 
CAQMs. The API value from the experiment at the roadside is so much higher than the API value indicates 
by CAQMs. This is because there are more pollutants at the roadside compared to other locations due to the 
emission from vehicles. The system is validated with the CAQMs at Batu Muda by conducting the same 
experiment as Figure 5 (a), (b) and (c). The percentage of error is found to be 14%. Nevertheless, the sub- 
API of each location match with the current surroundings of the experiment location. From this experiment, it 
can be concluded that different places have different API value even though they are nearby to each other. 


Table 2. Results of API Experiments 


Location Batu Muda (CAQMS) Hostel Campus Roadside 
Average API value 55 39 37 55 
Indication 
Dominant pollutant PMio PMio PMio PM 
API value (CAQMS) 64 38 40 35 
Dominant pollutant (CAQMS) PMio PMio PMio PMio 
Indication (CAQMS) 


6. CONCLUSIONS 
In this paper, an outdoor air quality measurement system has been successfully designed and 
implemented. The device utilize Arduino Uno as the microcontroller and four low cost pollutant sensors 
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which are CO sensor, O; sensor, PMj9 and PM, sensor. This system is cost effective and portable compared 
to the existing monitoring stations which are stationary and costly. It is convenient to be used by people of all 
ages and also can be used anytime and anywhere. Our validation with Batu Muda CAQMS showed that our 
developed system are in par with the CAQMS with an error around 14%. Moreover, this system is also 
capable to measure the concentration of PM, 5 and evaluate the sub-API value which the current monitoring 
stations in Malaysia are not able to do so yet. Therefore, this air quality measurement system can contribute 
to the development of the current API measurement system in Malaysia. Future works include a proper 
sensor calibration to lower the percentage of experimental error of the system, and addition of other Arduino 
shields to extend the functionalities of the developed system. 


ACKNOWLEDGEMENTS 
The authors would like to express their gratitude to the International Islamic University Malaysia, 
which has provided funding for the research through the Research Initiative Grant Scheme, RIGS16-066-230. 


REFERENCES 

[1] H. Amos, "Poor air quality kills 5.5 million worldwide annually," [https://news.ubc.ca/2016/02/12/poor-air-quality- 
kills-5-5-million-worldwide-annually/], Retrieved on: 

[2] K. J. Maji, M. Arora, and A. K. Dikshit, "Burden of disease attributed to ambient PM2. 5 and PM10 exposure in 
190 cities in China," Environmental Science and Pollution Research, vol. 24, pp. 11559-11572, 2017. 

[3] DOE-Malaysia, "A Guide to Air Pollutant Index (API) in Malaysia, 4th Edition," D. o. Environment, Ed., 2000. 

[4] A. Azid, H. Juahir, M. E. Toriman, M. K. A. Kamarudin, A. S. M. Saudi, C. N. C. Hasnam, N. A. A. Aziz, F. 
Azaman, M. T. Latif, and S. F. M. Zainuddin, "Prediction of the level of air pollution using principal component 
analysis and artificial neural network techniques: A case study in Malaysia," Water, Air, & Soil Pollution, vol. 225, 
pp. 2063, 2014. 

[5] P. Zannetti, "Air pollution modeling: theories, computational methods and available software," Springer Science & 
Business Media, 2013. 

[6] Y.F. Liu, "Haze in Southeast Asia," International Researchers Club, 2015. 

[7] D. Hasenfratz, O. Saukh, S. Sturzenegger, and L. Thiele, "Participatory air pollution monitoring using 
smartphones," Mobile Sensing, pp. 1-5, 2012. 

[8] M. Ibrahim, A. Elgamri, S. Babiker, and A. Mohamed, "Internet of things based smart environmental monitoring 
using the raspberry-pi computer," in Digital Information Processing and Communications (ICDIPC), 2015 Fifth 
International Conference on, pp. 159-164, 2015. 

[9] M. F. Rohani, N. A. Ahmad, S. Sahibuddin, and S. M. Daud, "OPC Protocol Application for Real-Time Carbon 
Monitoring System for Industrial Environment," International Journal of Electrical and Computer Engineering 
(IJECE), vol. 7, pp. 1051-1059, 2017. 

[10] S. Devarakonda, P. Sevusu, H. Liu, R. Liu, L. Iftode, and B. Nath, "Real-time air quality monitoring through 
mobile sensing in metropolitan areas," in Proceedings of the 2nd ACM SIGKDD international workshop on urban 
computing, pp. 15, 2013. 

[11] H. Ali, J. Soe, and S. R. Weller, "A real-time ambient air quality monitoring wireless sensor network for schools in 
smart cities," in Smart Cities Conference (ISC2), 2015 IEEE First International, pp. 1-6, 2015. 

[12] X. Li, E. Iervolino, F. Santagata, J. Wei, C. Yuan, P. Sarro, and G. Zhang, "Miniaturized particulate matter sensor 
for portable air quality monitoring devices," in SENSORS, 2014 IEEE, pp. 2151-2154, 2014. 

[13] X. Liu, B. Li, A. Jiang, S. Qi, C. Xiang, and N. Xu, "A bicycle-borne sensor for monitoring air pollution near 
roadways," in Consumer Electronics-Taiwan (ICCE-TW), 2015 IEEE International Conference on, pp. 166-167, 
2015. 

[14] J.-H. Liu, Y.-F. Chen, T.-S. Lin, C.-P. Chen, P.-T. Chen, T.-H. Wen, C.-H. Sun, J.-Y. Juang, and J.-A. Jiang, "An 
air quality monitoring system for urban areas based on the technology of wireless sensor networks," International 
Journal on Smart Sensing and Intelligent Systems, vol. 5, pp. 191-214, 2012. 

[15] K. M. Reilly, M. T. Birner, and N. G. Johnson, "Measuring air quality using wireless self-powered devices," in 
Global Humanitarian Technology Conference (GHTC), 2015 IEEE, pp. 267-272, 2015. 

[16] R. Rushikesh and C. M. R. Sivappagari, “Development of IoT based vehicular pollution monitoring system," in 
Green Computing and Internet of Things ICGCIoT), 2015 International Conference on, pp. 779-783, 2015. 

[17] Y. Yang and L. Li, "A smart sensor system for air quality monitoring and massive data collection," in Information 
and Communication Technology Convergence (ICTC), 2015 International Conference on, pp. 147-152, 2015. 

[18] S. Brienza, A. Galli, G. Anastasi, and P. Bruschi, "A cooperative sensing system for air quality monitoring in urban 
areas," in Smart Computing Workshops (SMARTCOMP Workshops), 2014 International Conference on, pp. 15- 
20, 2014. 

[19] N. I. Zainal, K. A. Sidek, T. S. Gunawan, H. Manser, and M. Kartiwi, "Design and development of portable 
classroom attendance system based on Arduino and fingerprint Biometric,” in Information and Communication 
Technology for The Muslim World (ICT4M), 2014 The 5th International Conference on, pp. 1-4, 2014. 


Design and Implementation of Portable Outdoor Air Quality Measurement ... (Teddy Surya Gunawan) 


290 o ISSN: 2088-8708 


BIOGRAPHIES OF AUTHORS 


Teddy Surya Gunawan received his BEng degree in Electrical Engineering with cum laude 
award from Institut Teknologi Bandung (ITB), Indonesia in 1998. He obtained his M.Eng degree 
in 2001 from the School of Computer Engineering at Nanyang Technological University, 
Singapore, and PhD degree in 2007 from the School of Electrical Engineering and 
Telecommunications, The University of New South Wales, Australia. His research interests are 
in speech and audio processing, biomedical signal processing and instrumentation, image and 
video processing, and parallel computing. He is currently an IEEE Senior Member (since 2012), 
was chairman of IEEE Instrumentation and Measurement Society — Malaysia Section (2013 and 
2014), Associate Professor (since 2012), Head of Department (2015-2016) at Department of 
Electrical and Computer Engineering, and Head of Programme Accreditation and Quality 
Assurance for Faculty of Engineering (since 2017), International Islamic University Malaysia. 
He is Chartered Engineer (IET, UK) and Insinyur Profesional Madya (PII, Indonesia) since 
2016. 


Yasmin Mahira Saiful Munir received her BEng degree in Communication Engineering in 
2017 from the Department of Elctrical and Computer Engineering, International Islamic 
University Malaysia. Her research interests include signal processing, instrumentation and 
mesaurement. 


Mira Kartiwi completed her studies at the University of Wollongong, Australia resulting in the 
following degrees being conferred: Bachelor of Commerce in Business Information Systems, 
Master in Information Systems in 2001 and her Doctor of Philosophy in 2009. She is currently 
an Associate Professor in Department of Information Systems, Kuliyyah of Information and 
Communication Technology, International Islamic University Malaysia. Her research interests 
include electronic commerce, data mining, e-health and mobile applications development. 


Hasmah Mansore completed her studies at the University of Salford, UK. She has obtained her 
Master of Science and PhD in Control and Automation Engineering from Universiti Putra 
Malaysia. Currently she is an Associate Professor at Electrical and Computer Engineering 
Department, and starting Jan 2017 she has been the Deputy Dean of Students Affairs, Faculty of 
Engineering, IUM. She is an IEEE member and currently a member of executive committe for 
Instrumentaiton and Measurement Society — Malaysia section. Here research interests include 
instrumentation and control systems. 


Int J Elec & Comp Eng, Vol. 8, No. 1, February 2018 : 280 — 290 


